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CC BY-NC-ND license (http://creativAbstract Background: Traumatic arterial pseudoaneurysms (APAs) of the limbs are rare. Most
published articles on this subject are case reports in the English literature. The exact epide-
miology of APAs as a result of limb trauma is not well-known, and their management is not
standardized. In most cases, the description of case reports is followed by a review of the liter-
ature, but no update with robust data has been previously published.
Purpose: Our objective was to summarize the current knowledge on the epidemiology, and
diagnostic and therapeutic features of APAs as a result of limb trauma.
Methods: Literature searches on MEDLINE and EMBASE were performed using the keywords
“traumatic artery pseudoaneurysm”. The referenced articles were selectively read, and the
patient demographics, clinical presentations, and diagnostic and therapeutic modalities of
148 articles were reviewed.
Results: In total, 161 cases were analyzed. Overall, young adults represented the majority of
the affected population (mean age: 38  24 years old), with a male preponderance (63%). The
commonest presenting symptom was painful swelling (34%). Furthermore, arteriography was
the most common imaging investigation used (52%). The mechanism of injury was dominated
by blunt trauma (57%), and the commonest critical artery injuries included axillary-brachial
(22%) and femoropopliteal trunks (16%). Moreover, PAs arising from small arterial branches
were observed in 26% of the patients. The most important treatments included surgical repair
(37%), endovascular procedures (29%), and ligation of the feeding vessels (26%). Post therapeu-
tic courses were often uneventful (93%), and the morbidity (5%) and mortality (2%) rates were
low.
Conclusion: Over the last decade, APAs related to limb trauma have increased and are often
diagnosed after painful presentation of swelling and/or pulsatile mass. Angiography is an ideal
option to confirm the diagnosis. Endovascular coiling is preferred in the treatment of PAs
arising from small branches artery. Open surgical repair is the standard treatment for APAs
arising from critical axial vessels.of Vascular Surgery, CHU Morafeno, Toamasina, Madagascar. Tel.: þ261 343852048.
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by-nc-nd/4.0/).1. Introduction 2.4. Statistical analysisFalse aneurysm, also known as pseudoaneurysm (PA), oc-
curs when a damaging force is applied to the arterial wall,
allowing persistent extravasations of blood into the sur-
rounding connective tissues that communicate with the
arterial lumen.1 Arterial PA (APA) is one of the most com-
mon vascular injuries. However, the occurrence of APAs as
a result of limb trauma is rare. Most published articles on
this subject are case reports in the English literature (Table
1). In most cases, the description of case reports is followed
by a review of the literature, but no update with robust
data has been published. The exact epidemiology of APAs as
a result of limb trauma is not well-known, and their man-
agement is not standardized. The majority of literature
reviews are often limited to the summarization of cases
previously reported. In this systematic review, we summa-
rized the current knowledge on the epidemiology and
diagnostic and therapeutic features of APAs as a result of
injuries to the upper and lower extremities.2. Methods2.1. Literature search strategy
The literature was reviewed by searching online medical
databases (MEDLINE, EMBASE) for relevant studies pub-
lished between January 1960 and February 2015 by using
the descriptors “traumatic artery pseudoaneurysm” as a
result of limb trauma. After reading the titles and some
abstracts online, 161 articles were downloaded for com-
plete reading. The referenced articles were selectively
read, and this systematic review finally included 148 arti-
cles. Some articles (n Z 13) were excluded because they
reported iatrogenic false aneurysms encountered after
bone fracture osteosynthesis.2.2. Selection criteria
We included relevant articles with detailed information on
the following parameters: patient demographics (age,
gender), mechanism of limb trauma (penetrating injury,
blunt trauma), clinical presentations, and diagnostic and
therapeutic features. Subclavian and carotid APAs were
excluded. In addition, abstracts and case series without
specified information according to the stated selection
criteria and post traumatic iatrogenic APAs were
excluded.2.3. Data extraction
All data were extracted from the article texts.Patient data were collected in a Microsoft Excel database.
Variables are reported as mean and/or median values (with
ranges). All statistical analyses were performed using Epi
Info 7 software.
3. Results
We analyzed 161 cases of traumatic APAs as a result of limb
trauma (Table 1). These selected case reports covered a 51-
year period. Overall, 102 cases (63%) were published be-
tween February 2005 and February 2015 (10 years), 42 (26%)
between January 1995 and January 2005 (10 years), and 17
(11%) between December 1963 and December 1994
(30 years). The included articles pertained to 126 male
(78%) and 35 female (22%) patients, with a mean age of
38  24 years (range: 0.5e93 years). The sex ratio was 3.6,
and children aged 0.5 to 15 years represented 17% (nZ 28)
of the patients. The median time between limb trauma and
the diagnosis of the PA was 30 days (range:
0.04e19440 days). The most common clinical presentation
was painful swelling (34%), followed by pulsatile mass (24%)
and painful pulsatile swelling (24%). In addition, distal
pulses were present in 98% of the patients. Associated
physical findings included systolic bruit (n Z 15), ecchy-
mosis (nZ 11), and thrill (nZ 9). Furthermore, 20% of the
patients presented with compartment syndrome (n Z 3),
rupture of the PA (n Z 8), and nerve palsy (n Z 21). Some
false aneurysms were associated with an arteriovenous
fistula (AVF) (n Z 9). The hemoglobin level had decreased
with anemia in 9% of the patients. The most frequently
performed imaging study was arteriography (52%), followed
by computed tomography angiography (CTA) (22%) and
Doppler ultrasonography (DUS) (11%). Primary surgical
exploration without any imaging investigation was reported
in 10 patients, and the majority of them had penetrating
wound and painful pulsatile mass (nZ 9). Lower limb injury
accounted for 57% of all APAs, and vascular injuries were
frequently observed after trauma to the leg (23%), thigh
(19%), and forearm (17%). The mechanism of injuries to the
upper and lower extremities was a blunt trauma in 59% of
the patients. Vascular injury involved many critical arterial
trunks, including the axillary-brachial (22%) and femo-
ropopliteal (16%) axes (Table 2). Moreover, PAs arising from
small branches artery represented 26% of the patients.
Limb trauma was associated with a bone fracture in 23% of
the patients. Surgical repair (37%), endovascular pro-
cedures (29%), and ligation of noncritical vessels (26%) were
the most common therapeutic modalities. Most APAs that
developed on the axillary-brachial and femoropopliteal
axes were surgically repaired (72%) (44/61). Endovascular
procedures with stent-grafts (10/61) and coiling (4/61)
were rarely practiced in the treatment of these truncal
APAs. Among the embolized arteries, 81% (22/27) were
located on small and nonessential arterial branches. Arte-
rial ligation was performed particularly for smaller arterial
Table 1 Summary characteristics of published case reports included in the present systematic review (n [ 161).
Authors Year Sex/
age
Symptomatology Imaging Pseudoaneurysms Etiology Treatment Delay
Crellin et al. 1963 F/71 Swelling/bruit(B) ART Anterior tibial Closed tibia fibula
fracture
Ligation 18 weeks
Scudese et al. 1968 M/30 PPS/hematoma/
bruit
ART Posterior tibial Open tibial fibula
fracture
Ligation 2 months
1968 F/20 PUS/bruit ART Posterior tibial Closed tibia fibula
fracture
Ligation 3 months
Maguire et al. 1972 M/19 PPS/hematoma ART Perforat peroneal Ankle sprain Lateral suture 5 days
Green et al. 1973 M/9 PPS SE Ulnar branch Penetrating
wound/glass
Excision/ligation 8 months
Louis et al. 1974 M/47 PUS/
ecchymosis(E)
ART Brachial Wound trauma/
arm
Reversed SV
graft
4 days
1974 F/61 Swelling/
ecchymosis
ART Radial Penetrating
trauma (PT)
Ligation 5 months
Fitzgerald et al. 1975 F/57 Pulsatile swelling ANG Axillary Shoulder
dislocation (BT)
ETE anastomosis 6 months
Abraham et al. 1975 M/72 PPS/B/E/anemia
(A)
ART PFA Intertrochanteric
fracture
Surgical repair 28 days
Dolibois et al. 1975 M/66 Swelling/
hematoma
DUS/
CTA
Brachial Closed humeral
fracture
Shoulder
disarticulation
1 month
Smith RB et al. 1979 M/20 Hematoma/PAS/
shock
ART Superior gluteal Buttock blunt
trauma
Ligation þ packs 4 weeks
Absoud et al. 1984 M/23 Pulsatile swelling SE Ulnar Wound trauma/
wrist
ETE anastomosis 3 months
Al-Awami et al. 1987 M/32 Anemia/PPS ART Anterior tibial Closed fibula
fracture
PTFE graf IP 5 weeks
Rosenbloom
et al.
1989 M/50 PPS DUS/
DSA
Popliteal Blunt trauma/
Softball
SSV graft IP 12 months
Wand et al. 1989 F/83 Swelling/
anemia/shock
ANG SFA Femoral fracture
(BT)
RSV bypass graft 8 weeks
Rians CB et al. 1990 M/16 PPS DSA Perforat. peroneal Ankle sprain (BT) Coil
embolization
(CE)
8 weeks
Ramakantan
et al.
1990 M/9 Pulsatile swelling ART SFA Blunt trauma (BT)/
thigh
Coil
embolization
2 months
Guiral J et al. 1995 M/21 Painful swelling
(PAS)
DUS/
ANG
Posterior tibial Closed tibial
fibular fracture
SV graft IP 5 days
Erdoes et al. 1995 F/89 Painful swelling
(PAS)
SE Ulnar Wrist fracture (BT) Excision/ligation 20 years
Emadian et al. 1996 F/83 PPS/B/E/edema DUS/
DSA
Axillary Shoulder
dislocation (BT)
Lateral suture 3 weeks
Bandy et al. 1996 F/22 PPS/hematoma ART Peroneal branch Ankle sprain/blunt
trauma
Coil
embolization
26 days
Holland et al. 1996 M/28 Pulsatile swelling ANG Inferior gluteal Stab wound/
buttock (PT)
Ligation 3 months
Orecchia et al. 1996 F/78 PPS ART Axillary Shoulder
dislocation (BT)
PTFE graft IP 2 years
Sterett WI et al. 1996 M/37 PUS/bleeding ART Palmar arch Wound injury/
glass (PT)
Ligation 3 weeks
Lee S et al. 1997 F/65 PPS/bruit DUS Dorsalis pedis Ankle injury/blunt
trauma
Excision/ligation 9 months
Wang et al. 1998 F/93 Pulsatile swelling ANG Ulnar Radius ulna
fractures (BT)
Excision/ligation 4 weeks
Zitsman et al. 1998 M/12 PAS/bleeding SE Posterior tibial Wound trauma/leg
(PT)
Ligation 2 weeks
1998 M/12 PAS/thrill DUS Radial Broken window/
forearm
Resection/clip 2 weeks
Sharma S et al. 1999 M/19 Hemorrhage/
shock/E
ART SFA Supracondylar
fracture (BT)
Stent graft 3 weeks
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Table 1 (continued )
Authors Year Sex/
age
Symptomatology Imaging Pseudoaneurysms Etiology Treatment Delay
Skudder et al. 1999 M/22 PAS/ecchymosis ART Anterior tibial Blunt injury/leg
(BT)
Ligation 9 months
1999 M/16 PUS/ecchymosis ANG Anterior tibial Ankle sprain (BT) Ligation 2 months
Pai VS et al. 1999 F/51 PUS/discomfort DUS/
ART
Peroneal Ankle fracture
(BT)
Suture (5/0
prolene)
3 weeks
Jain M et al. 1999 F/10 Pulsatile swelling ANG Anterior tibial Penetrating
trauma/leg
Coil
embolization
1 month
Murphy et al. 1999 F/70 PPS/ecchymosis DUS/
ANG
PFA Intertrochanteric
fracture
Ligation 4 weeks
Johnson et al. 2000 M/74 Acute ischemia/
PUS
ART SFA Wound injury/
mortar
RCSV graft 54 Years
Abascal et al. 2000 M/19 Delayed fracture MRA Posterior tibial Tibial fracture
(BT)
Clamping 6 months
Wolford H et al. 2001 M/24 PAS/bruit/thrill
(T)
ANG Anterior tibial Open tibial
fracture
Coil
embolization
15 months
Harris O et al. 2001 F/60 PAS/anemia MRI/
ART
Humeral branch Closed humeral
fracture
Coil
embolization
6 months
2001 F/86 Lump numbness MRI/
ART
Brachial Closed humeral
fracture
Conservative
treatment
18 months
Jutte et al. 2002 M/5 PPS DUS Brachial Blunt trauma/arm Conservative
treatment
6 weeks
Helm et al. 2002 M/68 Swelling/anemia ANG Axillary Shoulder
dislocation (BT)
Dacron patch 5 months
Yamaguchi et al. 2002 F/63 PPS DUS/
ART
Dorsalis pedis Bruise/dorsal foot Resection/
ligation
5 years
Cantasdemir
et al.
2002 M/17 Swelling ANG PFA branch Penetrating
injury/stab
Embolization 2 days
2002 M/34 Swelling/
hematoma
DUS/
ANG
PFA branch Multiple missiles
injuries
Embolization 6 days
Murthy et al. 2003 F/36 Hematoma/
weakness
ART Axillary Gunshot wound/
shoulder
Wallgraft 3 hours
Cozzi et al. 2003 F/3 Expansible mass/
thrill
DUS Radial Glass laceration
(PT)
Elastic bandage 2 weeks
Kurian et al. 2003 M/51 PUS, discomfort/
bruit
DUS/
DSA
Peroneal Ankle fracture/fall
(BT)
Coil
embolization
6 weeks
Thornton et al. 2003 F/5 Pulsatile swelling MRI Lateral plantar Glass/laceration
(PT)
Ligation 2 months
2003 F/11 Pulsatile mass DUS Lateral plantar Glass/laceration
(PT)
Ligation 3 weeks
Kocakoc et al. 2003 M/27 Painful swelling
(PAS)
DUS/
MRA/
DSA
Peroneal Penetrating injury
(PT)
Spontaneous
occlusion
1 year
Ishimoto et al. 2003 M/17 PPS DUS/
ANG
Radial branch Blunt sport injury/
wrist
ETE anastomosis 5 years
Albrecht et al. 2004 M/35 PPS/bruit/thrill MRA/
ANG
Peroneal Gunshot wound
(PT)
CE/
decompression
31 months
Chong KC et al. 2004 M/24 Swelling/
bleeding/A
ANG PFA branch Femoral fracture
(BT)
Coil
embiolization
2 weeks
2004 M/25 PAS/bleeding/
anemia
ANG PFA branch Femoral fracture
(BT)
Coil
embolization
2 months
Franck D et al. 2004 F/5 Pulsatile swelling ANG Palmar arch Penetrating
trauma
ETE anastomosis 2 months
Maheshwari
et al.
2004 M/78 Painless swelling DUS/
CTS/
ART
PFA Intertrochanteric
fracture
Coil
embolization
12 weeks
Dillon et al. 2004 M/50 PPS ART PFA Femur fracture
(BT)
Surgical repair 7 months
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Table 1 (continued )
Authors Year Sex/
age
Symptomatology Imaging Pseudoaneurysms Etiology Treatment Delay
Komorowska 2004 M/21 PPS DUS Ulnar Penetrating
trauma/glass
PUSGTI 30 days
Jindal R et al. 2004 M/83 PAS/ecchymosis DUS/
CTA/
DSA
PFA branch Femoral neck
fracture (BT)
PUSGTI 5 weeks
Morris et al. 2005 M/70 Painful swelling DUS PFA Blunt trauma/
thigh
Lateral suture 6 weeks
Dalsing et al. 2005 M/7.8 PUS/claudication DUS/
MRA
Popliteal Blunt trauma/
Fall/bike
Reverse GSV
bypass
1day
Aiyer et al. 2005 M/32 Pulsatile mass CTA Posterior tibial Calcaneal fracture
(BT)
Ligation 4 weeks
Marron C et al. 2005 M/24 Painful swelling
(PAS)
DUS/
ART
Anterior tibial Blunt trauma/leg PUSGTI/ligation 5 days
Megalopoulos 2006 M/4 PPS DUS/
CTA/
ANG
Popliteal Blunt popliteal
injury
GSV graft 2 years
2006 M/20 PPS DUS/
CTA/
ANG
Popliteal Blunt knee injury GSV graft 2 years
2006 M/40 PPS DUS/
CTA/
ANG
Popliteal Blunt knee injury SSV graft 3 years
Carrafiello et al. 2006 M/31 PPS DUS/
ANG
Radial Penetrating
trauma/glass
Thrombin
injection
20 days
Georgiadis et al. 2006 M/31 PPS DUS/
CTA/
ANG
Posterior tibial Calf stab wound
(PT)
ETE anastomosis 4 years
Abisi et al. 2006 M/82 PPS DUS/
CTA
PFA Blunt trauma/
thigh
Coil
embolization
6 weeks
Stahnke M et al. 2006 M/72 PAS/bruit DUS/
CTA/
DSA
Axillary Shoulder
dislocation (BT)
CE/stent graft 2 weeks
Ng CY et al. 2006 M/20 Painful swelling
(PAS)
DUS/
ANG
Posterior tibial Closed tibial
fracture
Coil
embolization
46 days
Schena S et al. 2006 M/28 Pulsatile swelling CTA/
ANG
SFA Penetrating
trauma/calf
PTFE covered
stent graft
5 years
McCann et al. 2006 M/63 Painful swelling
(PAS)
CTA Axillary Shoulder
dislocation (BT)
SV bypass graft 2 weeks
Lee CC et al. 2007 M/34 Painful swelling
(PAS)
SE/ART Inferior gluteal Penetrating
trauma/buttock
Ligation 3 months
Singh V et al. 2007 M/30 Painful swelling
(PAS)
ANG Inferior gluteal Penetrating
trauma/buttock
Coil
embolization
1 month
Plant MA et al. 2007 M/46 Pulsatile swelling DUS/
ANG
Ulnar Blunt trauma/
hammer/hand
ETE anastomosis 10 years
Whittam et al. 2007 M/74 Painful swelling
(PAS)
DUS/
CTA
Axillary Shoulder
dislocation (BT)
Stent graft 3 years
Ersozlu et al. 2007 M/17 PPS DUS/
ART
Popliteal Stab wound (PT) Lateral suture 3 weeks
Esteban MP
et al.
2007 M/25 Painful swelling
(PAS)
DUS Brachial Penetrating injury Surgical excision 22 days
van der Horst
et al.
2007 F/89 Pain/ecchymosis DUS/
CTA
Axillary Humeral fracture
(BT)
Stent graft 8 weeks
Spirito et al. 2007 M/74 PPS DUS/
CTA
Anterior tibial Blunt trauma Stent graft 2 months
Amrani et al. 2008 M/10 Pulsatile mass DUS/
ANG
Radial Forearm fracture Excision/ligation 6 weeks
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Authors Year Sex/
age
Symptomatology Imaging Pseudoaneurysms Etiology Treatment Delay
Moran D et al. 2008 F/65 PPS DUS/
CTA
Brachial Humeral fracture
(BT)
Oversewn 8 months
Christofilopoulos 2008 M/20 PUS DUS/
ART/
DSA
Anterior tibial Ankle sprain (BT) Ligation 2 weeks
Unay K et al. 2008 M/34 Swelling ANG PFA Subtrochanteric
fracture
Glue
embolization
7 days
Doiz E et al. 2008 M/17 PAS/thrill/
edema
DUS PFA branch Blunt trauma/
thigh
USGC 3 days
Keeling AN et al. 2008 M/67 PAS/anemia CTA/
DSA
Inferior gluteal Blunt trauma/fall/
ladder
Glue
embolization
3 days
Dey S et al. 2008 M/48 Pulsatile swelling MRI/
DUS
Posterior tibial Closed calcaneous
fracture
Ligation 3 months
Aydin A et al. 2008 M/16 Swelling/NP/E DUS/
MRI/SE
Axillary Blunt trauma Reversed SV
graft
10 days
Levis JT et al. 2008 F/68 PAS/ecchymosis/
thrill
DUS Radial Penetrating
trauma
Resection-
ligation
2 days
Ramdass 2009 M/20 Pulsatile swelling DUS/
MRI
Peroneal Ankle trauma (BT) Ligation 2 weeks
Sakamoto et al. 2009 M/4 Pulsatile swelling MRI Palmar arch Penetrating
trauma/glass
ETE anastomosis 10 days
Kizilates U et al. 2009 F/87 PPS/anemia CTA PFA Intertrochanteric
fracture
Surgical repair 3 weeks
2009 F/86 Hematoma/
anemia
CTA/
ANG
PFA branch Intertrochanteric
fracture
Covered stent
graft
12 days
Franz et al. 2009 M/45 Pulsatile swelling DUS/
CTA
Popliteal Stab wound (PT) Balloon stent
graft
1 day
Pero T et al. 2009 M/42 Painful swelling
(PAS)
BUS Radial Stab wound/wrist
(PT)
PUSGTI/USGC 26 days
Pini R et al. 2009 M/22 PAS/nerve palsy/
CS
CTA Interosseous Penetrating
trauma/forearm
Excision/ligation 4 weeks
Michaluk et al. 2009 M/49 Painful swelling
(PAS)
MRA/
ANG
Axillary Shoulder injury
(BT)
Stent graft PTFE 1 month
Fraser et al. 2009 F/13 Edema/PUS DUS Anterior tibial Stab wound/knife
(PT)
USGTI 7 days
Gimenez et al. 2009 M/22 PPS DUS/
MRA
Ulnar Blunt trauma Surgical excision 1 month
Kumar RM et al. 2009 F/72 PPS DUS/
CTA/
ANG
Axillary Humerus fracture
(BT)
Stent graft 4 weeks
Reijnen et al. 2009 M/80 Painful swelling
(PAS)
DUS/
CTS/
ANG
Popliteal Blunt trauma/
ladder
PTFE covered
stent
2 weeks
Plaga et al. 2010 M/15 PAS/B/nerve
palsy
ART Axillary Shoulder
dislocation (BT)
Surgical repair 1 day
Chan YC et al. 2010 M/15 PPS MRA/
ANG
Popliteal Knee blunt trauma Long SV patch 6 months
Ge PS et al. 2010 M/56 PUS/weakness DUS/
MRA
Popliteal Knee blunt injury/
extension
Reverse SV graft
IP
1 month
Murakami et al. 2010 M/26 Pain 3DMRA Lateral plantar Glass laceration
(PT)
Embolization 6 weeks
Pagliariccio
et al.
2010 M/37 PPS ANG Peroneal Penetrating
trauma
Coil
embolization
10 days
Park et al. 2010 M/0.5 Tender swelling CTA SFA Fall from bed (BT) Internal
mammary
allograft
6 weeks
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Authors Year Sex/
age
Symptomatology Imaging Pseudoaneurysms Etiology Treatment Delay
O’Neill et al. 2010 M/33 Swelling SE Brachial Penetrating
injury/arm
Vein graft IP 2 days
Katoh M et al; 2010 M/75 Swelling/bruit CTA Axillary Humeral fracture
(BT)
Shoulder
disarticulation
2 months
Got et al. 2010 M/6 Swelling DUS Brachial Supracondylar
fracture
Reverse SV graft
IP
5 weeks
Erdil N et al. 2010 M/28 PPS DUS/
ANG
Ulnar Penetrating
trauma
SV graft IP 6 days
Joglar F et al. 2010 M/39 PAS/edema DUS/
ANG
Posterior tibial Blunt trauma Covered balloon
stent graft
3 weeks
Naraynsingh
et al.
2011 M/12 Painful swelling
(PAS)
CTA Brachial Penetrating
missile injury
Excision/PTFE
patch
2 weeks
Lee SY et al. 2011 M/38 Painful swelling
(PAS)
CTA Popliteal Trauma soccer
(BT)
Resection/GSV
graft IP
3 weeks
Weinand C et al. 2011 F/64 Pulsatile swelling DUS/
ART
Radial Blunt trauma/fall/
wrist
Resection/
ligation
1 week
Kouvelos et al. 2011 M/42 Pulsatile swelling DUS/
ANG
PFA Gunshot wound
(PT)
Covered stent
graft
1 week
Lo SP et al. 2011 M/69 Painful swelling
(PAS)
DUS/
CTA
SFA Femoral fracture
(BT)
Endovascular
stent graft
3 weeks
Singh PK et al. 2011 M/30 Painful swelling
(PAS)
DUS/
ANG
Posterior tibial Fibula fracture
(BT)
Coil
embolization
15 months
Poonai N et al. 2011 F/16 PPS/bleeding DUS Radial Penetrating
trauma/wrist
Ligation 6 weeks
Gabr A et al. 2011 F/87 PPS CTA Brachial Humeral non-
union (BT)
Excision/vein
patch graft
4 years
Ang SH et al. 2011 M/55 PPS/ecchymosis/
thrill
BUS/
CTA
Brachial Penetrating injury Operative repair 4 hours
Stocker RL et al. 2012 M/16 Painful swelling
(PAS)
DUS Ulnar Penetrating
trauma
Resection/
ligation
3 weeks
Yu PT et al. 2012 M/10 Edema/thrill DUS/
CTA/
ANG
Anterior tibial Blunt trauma Coil
embolization
2 months
Ferrero E et al. 2012 F/48 PPS DUS/
DSA
Perforat. peroneal Blunt trauma/car
door
Coil
embolization
2 months
Irarrazaval et al. 2012 M/49 PPS/bruit DUS Pedal Traumatic
contusion/foot
Resection/
ligation
3 months
Dympep et al. 2012 M/30 Painfull mass DUS/
CTA
Axillary Shoulder trauma
(BT)
Excision/SV graft
IP
6 months
Fokou M et al. 2012 M/30 PPS DUS/
CTA
Axillary Penetrating
shoulder injury
Axillo-brachial
SV graft IP
2 months
Palcau et al. 2012 M/66 PUS/thrill DUS/
CTA
Axillary Shoulder
dislocation (BT)
Resection/ETE
anastomosis
1 month
Hughes et al. 2012 M/3 PPS DUS Palmar arch Penetrating injury Excision/suture 2 weeks
Hamade´ A et al. 2012 M/50 Pain/cyanosis DUS/
CTA
Ulnar Blunt trauma Resection/ETE
anastomosis
2 months
Singh D et al. 2013 M/23 Painful swelling
(PAS)
DUS/
CTA/
ANG
Posterior tibial Heel wound/shard
of glass
Coil
embolization
19 days
Chien et al. 2013 M/31 Painful swelling
(PAS)
BUS/
CTA
SFA Stab wound (PT) Conservative
management
1 week
Sa´nchez et al. 2013 M/18 PPS DUS/
ART
Radial Penetrating
trauma
Resection/
ligation
1 month
2013 M/8 Pulsatile swelling DUS/
CTA
Radial Blunt trauma Resection/
ligation
1 week
Pallaro et al. 2013 M/22 Tender swelling SE Brachial Penetrating
trauma
Lateral suture 7 weeks
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Table 1 (continued )
Authors Year Sex/
age
Symptomatology Imaging Pseudoaneurysms Etiology Treatment Delay
Garcia et al. 2013 M/49 Pulsatile mass/
thrill
ANG/
CTA
Axillary Humeral fracture
(BT)
Resection/PTFE
graft IP
30 years
Dunet B et al. 2013 M/22 Paresthesia/NP SE Brachial Arm nailgun injury
(PT)
Resection/
lateral suture
7 weeks
Park SE et al. 2013 M/70 Pulsatile mass MRI/
ANG
Medial plantar Penetrating foot
trauma
Coil
embolization
1 month
2013 M/45 Pulsatile mass ANG Medial plantar Penetrating foot
trauma
Coil
embolization
2 weeks
Baker JF et al. 2013 M/24 Pain/cyanosis DSA/
DUS
Brachial Penetrating blast
injury
Cephalic vein
graft
4 years
Gopal A et al. 2013 M/40 PUS/edema CTA/
DUS
Peroneal Twisted ankle (BT) PUSGTI/Coil
embolization
3 months
Nour M et al. 2013 M/5 Anemia/swelling DUS/
CTA
Axillary Shoulder
dislocation (BT)
Ligation 4 months
Goksu et al. 2014 M/31 Thrill/bruit BUS SFA Stab wound/thigh
(PT)
Lateral suture 8 days
Nough et al. 2014 M/35 Blood oozing ANG Ulnar and radial Penetrating
trauma/gunshot
Stent graft 8 days
Ching KC et al. 2014 M/14 Painful swelling
(PAS)
CTA/
MRA/
DSA
Peroneal Blunt trauma Ligation 1 day
Lazarov et al. 2014 M/38 Painful swelling
(PAS)
DUS/
CTA
Femoropopliteal Distal femur
fracture (BT)
Endovascular
stenting
2 weeks
de Troia et al. 2014 M/34 PPS DUS/
CTA
Posterior tibial Penetrating
trauma
Endovascular
stenting
8 days
Iakovlev et al. 2014 M/69 Acute ischemia CTA/
ART
Axillo-brachial Anterior luxatio
erecta (BT)
Reversed SV
bypass
1 hour
Tamagond et al. 2014 M/54 PUS/anemia DUS/
DSA
SFA Blunt trauma/
thigh
Endovascular
stent graft
1 day
Haseen MA et al. 2014 M/13 Painful swelling
(PAS)
MRA/
CTA
SFA Trivial blunt
trauma
Excision/GSV
graft IP
3 months
Boretto JG et al. 2014 F/27 Nerve palsy (NP) SE Ulnar Stab wound (PT) Resection/ETE
anastomosis
3 weeks
Sallihudin et al. 2014 M/15 PAS/ecchymosis SE Digital Penetrating injury End-to-end
anastomosis
2 weeks
Saad N et al. 2014 M/5 PPS/shock DUS/
CTA
Axillary Shoulder injury
(BT)
Ligation 14 days
Nour M et al. 2014 M/15 PPS DUS/
CTA
Ulnar Knife trauma (PT) Resection/
ligation
10 days
Darwazah et al. 2014 M/21 Pulmonary
embolism
DUS/
CTA
Femoropopliteal Penetrating
trauma/gunshot
Excision/ETE
anastomosis
7 years
Butterworth
et al.
2015 M/55 PPS CTA SFA Stab wound (PT) Conservative
management
3 years
Crankson et al. 2015 M/6 Bleeding CTA Lateral plantar Glass foot
laceration (PT)
Ligation 1 month
Doizi S et al. 2015 F/80 PUS/abscess DUS/
CTA
Fibular Penetrating injury Ligation 4 months
Torres-Blanco
et al.
2015 M/61 PPS DUS/
CTA
Ulnar Blunt trauma Resection/ETE
anastomosis
1 week
Temam M et al. 2015 M/25 PPS DUS Radial branch Stab wound (PT) Resection/
ligation
6 months
Abbreviation: PPSZ Painful pulsatile swelling; PUS: Pulsatile swelling; CSZCompartment syndrome; DUS Z Duplex scanning; BUSZ-
Bedside US; CTAZComputed Tomography Angiography; ANG Z Angiography; ART Z Arteriography; DSA Z Digital Substraction Angi-
ography; MRI Z Magnetic Resonance Imagery; SEZSurgical exploration; PFAZProfunda Femoris Artery; SFAZSuperfacial Femoris
Artery; FPZFemoropopliteal junction; IPZInterposition; RSV Z Reversed Saphenous Vein; RCSV Z Reversed Contralateral Saphenous
Vein; ETE Z End-to-end; PUSGTIZPercutaneous ultrasound guided thrombin injection; GSV Z Greater saphenous vein; USGCZUl-
trasound guided compression; SSVZSmall Saphenous Vein; PTFEZPolytetrafluoroethylene; Perforat. peroneal Z Peforating peroneal.
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Table 2 Principal traumatic arterial pseudoaneurysms
resulted from limb trauma.
Arterial pseudoaneurysms Frequency Percent (%)
Upper limb 69 42.86
Axillary artery 20 12.42
Brachial artery/branch (15/1) 16 9.94
Radial artery/branch (11/3) 14 8.70
Ulnar artery 14 8.70
Palmar arch artery 5 3.10
Lower limb 92 57.14
Gluteal artery 5 3.11
Femoral artery 30 18.63
Superficial Femoral
Artery (SFA)
14 8.70
Profunda Femoris Artery
(PFA)/branch (10/6)
16 9.94
Popliteal artery 12 7.45
Anterior tibial/dorsalis
pedis artery (11/2)
13 8.07
Posterior tibial/Peroneal/
lateral plantar/medial
plantar (12/14/4/2)
32 19.87
Total 161 100
Management of traumatic arterial pseudoaneurysms 97branches and isolated injuries of the radio-ulnar and tibial
arteries. Post treatment, all patients were evaluated clin-
ically and some (37%) had radiological (angiography/CTA) or
Doppler ultrasound studies or both to document resolution
of the PA and the continuity of arterial flow across the
repair site. The median follow-up period was 60 days
(range: 1e7920 days). Post therapeutic courses and out-
comes at last follow-up were uneventful in 93% of the pa-
tients, and the pooled morbidity rate was 5%. The reported
morbid complications included local infections (n Z 2),
sepsis (nZ 1), sequela of nerve palsy with neuropathic pain
(n Z 2), skin necrosis (n Z 1), shoulder disarticulation
(n Z 2), and aneurismal recurrence with true aneurysm
formation (nZ 1). The pooled all-cause mortality rate was
low at approximately 2%. No death was related to APA
complications.4. Discussion
The published data confirmed that traumatic APAs of limbs
are rare.
However, the number of published case reports has
recently increased, almost doubling in the last 10 years as
compared with the preceding 10 years. To the best of our
knowledge, this study, which reviewed 161 case reports, is
the largest reported review in the English literature
regarding traumatic APAs as a result of injuries to the upper
and lower extremities, the incidence of which is nearly
three times higher in males than in females. Males who are
14e62 years of age represent the majority of the affected
population.4.1. Pathophysiology
PA is initiated by a full-thickness tear or laceration of an
artery.2 Histologically, absence of internal elastic lamina is
seen and, only adventitia is present.3 With regard to the
pathophysiology of the vascular injuries, it has been sug-
gested that all three arterial layers are injured, subse-
quently leading to hematoma formation, inflammatory
reactions, and local tissue degeneration, which later result
in the formation of the PA.4 Blood enters the hematoma
during systole and leaves during diastole, causing the he-
matoma to pulsate within the tissues.5 The severity of the
symptoms is related to the increase in volume of the PA.
Compression of neighboring nervous bundles and venous
structures may cause neuropathy, venous obstruction, and
thrombosis. The swelling causes high pressure on the skin
and may result in tissue necrosis.6 Ruptured PA into a closed
osteo-fascial compartment may present with clinical fea-
tures of the compartment syndrome. Nerve palsy might be
caused by external compression or traction by the pseu-
doaneurysmal sac.4.2. Injury mechanism
Penetrating or blunt trauma to an artery can cause PA. Most
traumatic APAs in the extremities are usually caused by
blunt trauma. However, penetrating by sharp objects, such
as knives, forks, and piece of glass may cause wounds and
vascular trauma.7 Occasionally, vascular injury is associ-
ated with bone fractures and high-impact blunt trauma.8
The reduction of dislocation may also be at the origin of
the arterial trauma.9 Traumatic APAs have most often been
reported in the leg and forearm areas because they contain
numerous arterial trunks as well as collateral circulation,
which are often exposed to injuries during the setting of
associated bone fractures. In addition, the final segment of
the axillary artery is relatively immobile due to the
attachment of the subscapular and circumflex arteries,
resulting in this portion being more prone to injury. The
entire axillary artery is prone to damage during shoulder
dislocation due to its proximity to the humeral head.10
Arterial injury associated with fractures is usually caused
by bone spike.11e13 The bone spike injury may occur at the
time of initial trauma or during reduction. In injuries to the
thigh, the most common site of a vascular injury is the
superficial femoral artery, followed by the profunda fem-
oris artery (PFA). This is because the PFA runs deep in the
thigh and is protected distally against external trauma by
the vastus medialis muscle. However, it is vulnerable to
injury from subtrochanteric femoral fracture fragments.2,14
Popliteal artery injuries are among the most serious and
limb-threatening among peripheral arterial injuries.15
However, their incidence is low and accounts for an esti-
mated 0%e3.5% of all popliteal artery aneurysms of various
etiologies.16 Approximately 42 cases of traumatic popliteal
artery PAs have been described.17 The popliteal artery PA is
usually developed after blunt trauma (75%), rather than
after penetrating injury (25%).18 Tibial artery PAs in addi-
tion to occurring as a result of blunt trauma, as in a fracture
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penetrating injury, such as a projectile and stab wound.19
4.3. Clinical presentations
The timing to detect traumatic APAs varies from hours to
years depending on the involved regions and the symptoms
and signs manifested.20 In a review of patients with APAs
following gunshot injuries, Ozisik et al. found that the
median delay of presentation was 75 days.21 Pain, swelling,
and hematoma are the initial symptoms of traumatic APAs.
Thereafter, painful swelling and pulsatile mass represent
the commonest presenting symptoms. Occasionally, these
symptoms may be mistaken for symptoms of trauma itself,
increasing the difficult of their diagnosis. Further, trau-
matic APAs may be asymptomatic and have subtle and
delayed presentation.22 Typically, the PA presents a thrill
and a systolic bruit; however, if the cavity is lined by a
thrombus, it may be nonpulsatile. The classic sign is a
pulsation over the mass, but it may be absent because of an
incomplete or small defect in the arterial wall.23 Clinically,
if the vessel is severely injured, an acute presentation will
be observed, with swelling, compartment syndrome, blood
leakage, signs of internal bleeding, acute anemia, and
weak or absent distal pulse. With minor injuries, clinical
presentation is delayed and attenuated, mainly comprising
swelling, pain, and evolving anemia.24 The presence of a
palpable thrill or rapid refilling of the mass after decom-
pression supports the diagnosis.25 APA may also be associ-
ated with AVF, particularly after delayed vascular injury.26
Typically, a palpable thrill and an audible bruit are found on
examination of a patient with a traumatic AVF.27
Complications from traumatic APAs are rare. Untreated,
progressive enlargement of PA can lead to nerve and vessel
compromise, ulcer formation, and ultimately rupture. PA
can create ischemia of the limb by embolization of the
downstream arterial bed.9 Other complications include
distal arterial thrombosis and compartment syndrome. The
thromboembolism can lead to gangrene and amputation.
Compartment syndrome is an important clinical entity
requiring prompt diagnosis and management, as delayed
treatment is associated with unacceptably high rates of
disability and limb loss.28 Delayed diagnosis and treatment
invariably can lead to permanent neurologic deficit and
morbidity.
4.4. Image investigations
Although PA can be diagnosed through a physical exami-
nation, imaging studies are required to confirm the sus-
pected clinical presentation. DUS is accurate in diagnosing
peripheral arterial injury and provides information on the
size, morphology, flow, neck anatomy, and feeding vessels
of the PA. This technique is preferred because PAs require
immediate intervention and the progress of the lesions can
be easily determined.29 DUS is noninvasive, inexpensive,
and portable and can be performed on the bedside or in an
emergency room. However, it is operator-dependent and
cannot generate three-dimensional vascular images.5 In
most cases, it is substituted with another more efficient
image investigation, such as CTA and arteriography.Arteriography is an invasive modality and is more expensive
than are other imaging techniques, but it enables for
therapy at the time of the procedure.2,27 Formerly, arte-
riography was the recommended technique for determining
various vascular lesions; it is very beneficial for defining the
lesion preoperatively and developing the operative
approach.10 In certain reports, a more accurate and defin-
itive diagnosis was obtained through CTA. This is a nonin-
vasive modality that is operator-independent, akin to
ultrasound, but it does not support intervention. Other
disadvantages of CTA are radiation exposure and the need
for intravenous contrast media.5 Magnetic resonance im-
aging (MRI) is another accurate noninvasive study; it pro-
vides excellent-quality imaging, delineating the vascular
anatomy and flow. However, it is time intensive and
expensive and only provides diagnostic information. Other
MRI disadvantages include longer time to acquire images
and susceptibility to artifact in the presence of metallic
objects.5 When the diagnosis is uncertain, a combination of
noninvasive and invasive investigations is often used to
identify PA with certitude. Occasionally, primary surgical
exploration without any imaging investigation is under-
taken, particularly in the setting of penetrating wounds and
in patients with specified manifestation such as painful
pulsatile mass.
4.5. Differential diagnosis
Without evident trauma history, the lesion may mimic some
soft tissue pathologies such as abscesses or neoplasms.1 If
mistaken for an abscess, inadvertent incision and drainage
may occur.25 Therefore, any lesion with vascular lesion
suspicion must be assumed to avoid possible catastrophic
consequences.30 Differential diagnosis with an abscess is
obvious when confronted with an indurated, fluctuant,
warm, erythematous post traumatic mass, despite the
absence of thrills, bruits, and pulsations.31 In infants,
vascular malformations, arterial infections, or connective
tissue defects should be suspected.32
4.6. Therapeutic management
The management of traumatic APAs depends mostly on
their location and size. Current therapeutic modalities
include open surgery, endovascular techniques, ultrasound-
guided compression, and ultrasound-guided thrombin
injection.
4.6.1. Open surgery
Surgical treatment options for patients with traumatic ex-
tremity APAs include arterial reconstruction or ligation ac-
cording to the severity of the trauma, conduit availability,
and risk of distal ischemia. Arterial reconstruction is indi-
cated for lesions in which collateral flow is inadequate.25
The treatment of reference for traumatic vascular lesions
remains open surgery with a venous autologous bypass or an
arterial resection with end-to-end anastomosis if the
resection of the pathologic zone can be limited to 3 cm.9
The defect in the arterial wall can either be repaired
through primary closure by using lateral suture or by
insertion of a vein patch. Prosthetic graft can also be used
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a cephalic vein graft can be used for repairing the damaged
arterial trunk.34 However, the small caliber of infant ar-
teries and immature texture of the autogenous vein limit
the use of both autogenous vein and prosthetic grafts in this
age group (< 15 years).32 In the repair of popliteal artery
PAs, the objective of the repair is to avoid thromboembo-
lism, bleeding from rupture and nerve compression from a
mass effect secondary to massive hematoma and blood
clots.35 Another method of surgical treatment is ligation of
the feeding vessel. Small branches and non essential ar-
teries may be ligated after confirmation of patent collat-
eral flow. When arterial ligation is used to treat PA, risk of
distal limb ischemia should be considered. Isolated injury to
the radial or ulnar artery can typically tolerate ligation
without subsequent ischemia because of the rich collateral
circulation of in the forearm and hand. Post operative
follow-up to assess limb viability and graft patency may be
performed clinically or through duplex scanning. Reported
postoperative complications are rare and include infection,
graft occlusion and venous thrombosis.21
4.6.2. Endovascular embolization
This review shows that endovascular embolization is suc-
cessful for small branches and non critical axial vessels
without any complications and supports the role of embo-
lization as the first option in the treatment of these types of
vascular injuries.4,11,30 The treatment of branch artery PA
can be readily accomplished directly after the diagnostic
arteriogram through selective catheterization and emboli-
zation techniques. However, a microcatheter and microcoil
system is necessary to precisely obliterate the injured
vessel.
4.6.3. Endovascular stent-grafts
The recent development of endovascular technology and
implementation with antiplatelet therapy has led to the use
of stent-grafts in the management of traumatic APAs.
Covered stents work by excluding the false lumen and
promoting thrombosis within the PA while permitting distal
flow. This technique has generally been used in older pa-
tients who may not tolerate an open procedure.28 The ad-
vantages of the endovascular stent are lower morbidity and
mortality, a shorter hospital stay and recovery time, and
preservation of the saphenous vein for possible future
vascular bypass surgery.18 However, endovascular treat-
ment may not be ideal in popliteal artery repair because of
the mobility of the knee joint, and open surgical inter-
vention may still be required to evacuate large hematomas
from the popliteal fossa to prevent the formation of flexion
contractures.9,17 Potential concerns with stent-graft
placement include stenosis within the stent, need for an-
tiplatelet therapy following placement, and the possibility
of requiring lifelong surveillance, particularly in the trauma
setting, in which the patients tend to be young and often
non compliant.27 Stent-grafts for small artery PA are limited
by the lack of availability of small diameter stent-grafts and
because of their poor patency rates. Balloon-expandable
stents are typically not used for PA repair because of the
greater probability of stenosis.28 Certainly, endovascular
treatment is a therapeutic alternative, particularly in
emergency and in polytraumatized patients. However,because of the lack of mid- and long-term data, surgical
repair remains the preferred treatment.9
4.7. Limitations of the review
We recognize a few limitations in this review. Among the
articles identified online, approximately 102 cases could
not be included because of the difficulty of accessing some
reviews or journals. The design of the study was descriptive
because conducting a meta-analysis by using case reports is
difficult. We have not statistically validated the compara-
tive data between endovascular and surgical therapeutic
management.
5. Conclusion
Traumatic APAs of limbs are rare. However, the number of
published case reports has increased, particularly in the
past 10 years. Young adults represented the majority of the
affected population with a male preponderance. Most
vascular injuries were due to blunt trauma. APAs should be
suspected when patients present with a painful swelling
and/or pulsatile mass. Angiography is an ideal option to
confirm the diagnosis. The preferred treatment is a surgical
or endovascular technique. For truncal APAs developed on
the femoropopliteal and axillary-brachial axes, the stan-
dard treatment is open surgical repair. Endovascular ther-
apy can be performed with caution in selected patients.
Endovascular embolization is the treatment of choice for
PAs arising from small arterial branches. Alternatively,
arterial ligation can be achieved when endovascular coiling
is not feasible. The use of ultrasound-guided compression
or thrombin injection is limited in this area. Prompt
recognition remains paramount to reduce morbidity and
mortality.
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